ABSTRACT Francolins ophthalmia is often caused by resistant conditional pathogenic bacteria. Conditional pathogenic Staphylococcus saprophyticus is a potential reservoir of macrolides antibiotics resistance gene. Baicalin has been reported as a potential agent to synergistically inhibit the replication of Staphylococcus. The objective of this study was to isolate the pathogen of the francolins ophthalmia, identify the antibiotic resistance profile of isolated S. saprophyticus, and investigate the effect of baicalin combined with azithromycin (Azm) against azithromycin resistant S. saprophyticus (ARSS). The ARSS was isolated and identified from francolins suffered from ophthalmia by phenotypic and molecular biology methods. The antibiotic resistance profile was identified by Kirby-Bauer method. Then the minimal inhibitory concentration (MIC) of Azm in absence and presence of a subinhibitory concentration baicalin/verapamil was determined to assess the effect that baicalin combined with Azm against ARSS. ARSS was isolated and identified from francolins experienced ophthalmia. The isolated ARSS was resistant to 11 among the 13 antibiotics that were tested. The synergistic effect of baicalin and Azm was noticed with a reduction rate varied from 2 to 128-fold. It appears from this study that S. saprophyticus can cause francolins ophthalmia and baicalin may be used as a natural agent resistance inhibitor for ARSS.
INTRODUCTION
Francolin is a common bird in southern China and its meat was reported to be tastier, juicier, more palatable, and richer in protein than domestic chicken meat (Ukoha et al., 1992) . However, francolins ophthalmia often caused serious economic losses in commercial francolins industry. It is characterized clinically as a chronic infection causing the eyes filled with tears, reduction of egg production, and even death. It is reported that this disease is often caused by conditional bacterial infections such as Escherichia coli, Salmonella, staphylococcus and so on (Liu and He, 2011; Zhang et al., 2012) . Staphylococci are a large group of Gram-positive cocci that extensively colonize on skin and mucosal membranes of humans and animals (Coates et al., 2014) . Although most of them are considered as commensals, they may become pathogens and cause various infections in their hosts under some conditions (Kloos and Bannerman, 1994) . According to the ability of producing the coagulase enzyme, Staphylococci have been divided into 2 groups, coagulase-positive staphylococci and coagulase-negative staphylococci (CNS) (Becker et al., 2014) . Staphylococcus saprophyticus, a member of the CNS, is a common cause of acute uncomplicated urinary tract infection and bovine mastitis (Mahato et al., 2017; Mlaga et al., 2017) . S. saprophyticus has become one of the most serious human pathogens during recent decades owing to its acquisition of antibiotic resistance. A study in the UK showed a high prevalence of macrolides antibiotics resistance in S. saprophyticus, indicating that this species might be a potential reservoir of macrolides antibiotics resistance genes (Andrews et al., 2000) . Facing with the increasing number of multidrug-resistant (MDR) bacteria, new strategies to combat resistant pathogens are extremely needed. What's worse, the rate of antibiotic discovery has dropped substantially (Laxminarayan, 2014) . Therefore, the new resistant inhibitors are urgently needed to eradicate or decrease the resistance and avoid the increasing prevalence of MDR bacteria (Gibbons, 2008) .
373
Traditional Chinese medicine (TCM) has been long used to treat various infectious diseases in China and some other Asian countries (Wang et al., 2015; Chen et al., 2018) . However, TCM used according to the guidelines of the theory of TCM has still not been found significant resistance to bacteria until now. The clinical dosage of TCM is still the same as that recorded in Compendium of Materia Medica which was published about 440 yr ago. Yang et al. (2018) and Gao et al. (2011) proved TCM prescription Tanreqing injection combining with vancomycin can exhibit the effect of anti-MRSA and cure patients with MRSA pneumonia by successively injected 10 d. After 10 d, pathogenic bacterium was still sufficient to vancomycin. This discovery proves that TCM has unique advantages in preventing the emergence of antibiotic resistance. Flavonoids are main components of many TCM. The flavanoid 5 -MHC has no antimicrobial activity alone but completely inhibit MDR-dependent efflux of ethidium bromide and berberine from staphylococcus aureus cells (Stermitz et al., 2000) . Baicalin is a flavonoid present in Scutellaria baicalensis Georgi. It exerts remarkable synergistic antistaphylococcal activity with β-lactam antibiotics, tetracycline and so on (Zhao et al., 2001; Min, 2009) . Despite the fact that the synergy of baicalin with β-lactams against S. aureus has already been reported, its ability to potentiate synergistic anti-S. saprophyticus activity in Azm has not previously been scrutinized.
The objective of the study was to isolate the S. saprophyticus from francolins suffered from ophthalmia, identify the antibiotic resistance profile, and evaluate synergetic effect of baicalin combined with Azm against the isolated azithromycin resistant S. saprophyticus (ARSS).
MATERIALS AND METHODS

Bacterial Strains and Animals
Healthy and infected Chinese francolins were purchased from Nanjing Liyang Francolins Farm (Nanjing, China). S. saprophyticus ATCC 15305 was obtained from China Center of Industrial Culture Collection.
Reagents
DNA extraction kit, PCR product purification kit, 2 × Taq enzymes were purchased from Nanjing Aogene Biotech Co., Ltd (Nanjing, China). Yeast extract, tryptone and agar powder were bought from Beijing Solaibao Technology Co., Ltd (Beijing, China). MuellerHinton broth medium, high salt mannitol agar medium, Baird-Parker selection medium, and rabbit plasma were obtained from Qingdao Hi-Tech Park Haibo Biotechnology Co., Ltd (Qingdao, China). Baicalin was purchased from Nanjing Zelang Biological Technology Co., Ltd (Nanjing, China). Verapamil and azithromycin were the products of Shanghai Yuanye Biotechnology Co., Ltd (Shanghai, China).
Collection of Samples and Initial Characterization of Bacterial Isolates
The research was performed between October and November 2016 on a francolins farm in Jiangsu province, China. A large number of francolins suffered from ophthalmia but the symptom did not relieve when treated with a variety of antibiotics. Therefore, we collected the tears samples from these sick francolins aseptically for bacteriologic examination by sterile cotton swab. Then these samples were inoculated on mannitol salt agar medium, Baird-Parker agar medium, and LB ager supplemented with 5% defibrinated rabbit blood. After 24 h incubation at 37
• C, isolated bacterium was tentatively identified based on colony and cell morphology, Gram staining, catalase and coagulase activity detection. Gram-positive, catalase positive, and coagulase negative cocci were examined by molecular identification.
Molecular Identification
Molecular identification of the S. saparophytics isolate was performed based on the nucleotide sequence analysis of 16S rRNA and gap gene. For PCR test, these primers are presented in Table 1 . Briefly, 5 μL total DNA was subjected to PCR in a 25 μL reaction mixture containing 2 × Taq PCR Master Mix (0.1 U/mL). PCR amplifications were performed as follows: (i) initial denaturation for 3 min at 94
• C; (ii) 40 cycles consisting of denaturation step of 30 s at 94
• C, annealing for 30 s at 55
• C and extension step of 1 min at 72 • C; and (iii) a final extension for 5 min at 72
• C. Then the PCR products were subjected to agarose gel electrophoresis. When the band was single, PCR products were purified and sequenced. Sequence comparison was carried out by using the nucleotide basic local alignment search tool (http://blast.ncbi.nlm.nih.gov/). Phylogenetic analysis of the gap gene was carried out using the MEGA version 7.0 software. The dendrogram was generated by the Neighbor-Joining method.
Animal Regression Test
Twelve healthy Chinese francolins were purchased from Liyang francolins farm (Jiangsu, China). After acclimating to the new environment for 5 d, the francolins were randomly divided into 2 groups: isolated ARSS infection (SI) group and blank control (BC) group. Francolins in SI group were challenged with 1.0 mL 1 × 10 11 CFU/mL isolated ARSS by intraperitoneal injection once a day for 2 successive days. Then 0.2 mL 1 × 10 11 CFU/mL was dripped into noses and eyes 3 times a day for 2 successive days. Francolins in the BC group were simultaneously injected and dripped with an equal volume of sterile physiological saline. When the symptoms of the ophthalmia appeared, the microorganism was isolated and identification according to above methods.
Antimicrobial Susceptibility Testing
The following antibiotics were tested by the KirbyBauer method on Mueller-Hinton agar according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI, 2006) (disk potencies are given in parentheses): penicillin (10 μg), oxacillin (30 μg), cefatriaxone (30 μg), ampicillin (10 μg), gentamicin (10 μg), erythromycin (15 μg), azithromycin (15 μg), tetracycline (30 μg), ciprofloxacin (5 μg), ofloxacin (5 μg), clindamycin (2 μg), chloramphenicol (30 μg), and sulfamethoxazole (25 μg). Interpretive criteria for the inhibition zone diameters were provided by CLSI. When the isolates were resistant to 3 or more classes of antibiotics it was considered as MDR. S. saprophyticus ATCC 15305 was used as a standard to detect susceptibility of antibiotics disk.
Determination of MICs
A broth micro-dilution method was used to determine the minimal inhibitory concentration (MIC) of baicalin, Azm, and verapamil following the guidelines described by the CLSI using 96-well microtitre plates. Briefly, the samples were 2-fold diluted in MHB ranged from 4,000 μg/mL to 0.122 μg/mL, and then inoculated with equal volume bacterial suspension of 1 × 10 6 CFU/mL for 24 h at 37 • C. The MIC was defined as the lowest concentration of the compound that inhibited the growth of the test bacteria by ≥80%. S. saprophyticus ATCC 15305 was used as a reference strain for the standardization of antibiotic susceptibility testing. All tests were performed as 3 independent experiments, each carried out in triplicate.
Synergistic Effect of Baicalin or Verapamil and Azm Combination Against ARSS
To study the synergistic effect of baicain or verapamil combined with Azm in ARSS, Azm and baicalin or verapamil were evaluated by the checkerboard method with some modifications (Meisel et al., 2016) . The 96-well microtiter plates were inoculated with ARSS and 2-fold serial dilutions of Azm and baicalin or verapamil. Each well contained unique volume combinations of baicalin or verapamil and Azm. ARSS (1 × 10 6 CFU/mL) were then added in each well. The plates were incubated at 37
• C for 24 h. The control cells did not contain baicalin, verapamil, and Azm. All combinational experiments were performed in triplicate. The synergistic effect of baicalin or verapamil combined with Azm was determined by calculating the fractional inhibitory concentration index (FICI) . 
Statistical Analysis
The results of the tests were performed in triplicate in 3 independent experiments (replicates). The MIC results were expressed in modal values because no variation among replicated results was observed.
RESULTS
Flock Description, Collection of Samples and Iinitial Characterization of Bacterial Isolates
Francolins were housed in a poorly ventilated room with dry air and much dust in the farm. For a long time, the flock had experienced ophthalmia. The incidence of morbidity was more than 90%. A large variety of antibiotics were used initially and it suffered a relapse due to dryness and lack of ventilation. In order to increase the ventilation, the sheds were opened and sensitive antibiotics were given, then the tears gradually reduced and sick francolins were cured finally. Apart from a small amount of francolins with severe symptom died, the remainers were gradually recovered.
The isolated bacteria grew readily on mannitol salt agar medium producing flavous, 1 to 1.5 mm diameter colonies after 24 h of incubation ( Figure 1A ) and it grew into black colony with transparent rings on Baird-Parker agar medium ( Figure 1B) . It grew on the blood ager producing whitish, no hemolytic colonies ( Figure 1C ). The Gram-positive cocci were seen under the microscope (Figure 2) . It was positive for catalase and negative for coagulase (Figure 3 ). These results indicated that the isolated bacterium was CNS. But it could not be confirmed that the isolated bacterium was S. saprophyticus.
Then the molecular methods were applied to identify our staphylococcal isolates. The 527bp 16S rRNA gene and the 933bp gap gene were amplified. For the 16S rRNA gene nucleic acid sequence, the BLAST program indicated that S. saprophyticus has the highest scoring species (99%) and the scores of S. arlettae, S. cohnii, S. gallinarum, and other CNS were more than 98%. For the gap gene, the best match was S. saprophyticus (99%) and the other Staphylococcus were lower than 94%. In the phylogenetic tree according to gap gene, the isolated S. saprophyticus sequences belonged to a coherent branch with S. saprophyticus (HM352975.1) that was clearly different from other staphylococci (Figure 4) . Finally, the isolated microorganism was identified as S. saprophyticus.
In animal regression test, the francolins suffered from ophthalmia in SI group after injected 12 h. The growth morphology in differential medium, classical form under microscope, results of biochemical tests and the gap gene sequence of re-separation bacteria were consistent with injected bacteria (Supplement Material). Therefore, the same S. saprophyticus was isolated and identified. It reflected that the francolins ophthalmia was caused by S. saprophyticus.
Antimicrobial Susceptibility
The antimicrobial susceptibility results showed that the isolate is susceptible to ampicillin and gentamicin, but resistant to other 11 antibiotics including Azm. Thus, the isolate was MDR bacterium. The diameters of the inhibition zone are displayed in Table 2 .
Antimicrobial Activity of Baicalin, Azm and Verapamil
As presented in Table 3 , baicalin demonstrated significant antibacterial activity against ARSS with MIC values 500 μg/mL. However, ARSS was resistant to Azm with MIC value 1,000 μg/mL. The MIC of verapamil for ARSS was 1 000 μg/mL.
The Synergistic Effect of Baicalin or Verapamil and Azm Combination Against ARSS
As presented in Table 4 , the MIC of Azm (2-128 fold reduction) decreased when the medium was supplemented with baicalin at sub-inhibitory concentrations (at 1/2MIC, 1/4MIC, and 1/8MIC concentrations). The combination of baicalin at 1/2 MIC concentration with Azm resulted in a 128-fold reduction of Azm MIC for ARSS. Additionally, 8-fold and 2-fold reduction of Azm MIC values was obtained at 1/4, 1/8, and 1/16 MIC concentration of baicalin. The FICI is often used as a measure of synergism or antagonism in comparing 2 or more compounds (Berenbaum, 1989) . Synergy is defined broadly as FICI<1, or more conservatively as FICI≤0.5. Under the broad definition, baicalin (at 1/2 MIC, 1/8 MIC, and 1/16 MIC concentration) tested can be said to have at least moderate synergy with AZM. Baicalin (at 1/4 MIC concentration) fit the more conservative definition of synergy with FICI values of 0.5 or less at the tested concentrations. Baicalin at 1/4MIC concentration showed particularly high synergy with an . Phylogenetic tree analysis of isolated ARSS and 8 selected staphylococcal strains. Phylogenetic tree analysis of ARSS and 8 selected staphylococcal strains, based on gap sequences (933bp fragments). The tree was constructed using the Neighbor-Joining method. The ARSS sequence was determined in this study. Gen Bank accession numbers were displayed behind the strain. FICI of 0.375. At the same time, 500, 250, and 125 μg/mL efflux inhibitor verapamil caused a 4-to 8-fold reduction in the MIC of Azm for ARSS. It reflected that the isolated ARSS contains efflux pump that transfers Azm from cell to extracellular.
DISCUSSION
In many countries, CNS have been acknowledged among the most frequently isolated conditional bacteria in the clinical microbiology laboratory and are becoming increasingly important (Eiff et al., 2002) . There is an increasing evidence that these microorganisms represent a heterogeneous population that may vary in pathogenicity, specific host-pathogen relationships and resistance to antibiotics (Zadoks and Watts, 2009; Podkowik et al., 2012; Lange et al., 2015) . Today, many first-generation antibiotics are all but ineffective. Therefore, accurate species and resistance profile identification of CNS and finding resistance inhibitors may be practically important for the determination of both epidemiologic (e.g., possible sources and modes of transmission of a microorganism), as well as clinical aspects of the treatment. In the present work, we described infections of the ophthalmia in francolins caused by S. saprophyticus. To our knowledge, this is the first reported case of ophthalmia in francolins caused by S. saprophyticus. At the same time, we also identify the resistance profile and investigate the effect of baicalin reverses Azm resistance of ARSS in vitro. In our investigation, the isolated strain was identified as S. saprophyticus according to the phenotypic and molecular results (Figures 1-4) . Partial 16S rRNA gene sequence analysis has been generally used to study the evolution and taxonomy of staphylococcus and is widely accepted as a standard method for the identification of Staphylococcus spp. as well as other microorganisms (Becker et al., 2004) . However, the related species cannot always be distinguished from each other (Ghebremedhin et al., 2008) . In our research, the 16S rRNA is unable to identify the S. saprophyticus and some other CNS, but the gap gene did. PCR amplification of the gap gene has the potential for rapid identification of at least 12 species belonging to the genus Staphylococcus including S. saprophyticus, as it is highly specific (Yugueros et al., 2000) . Thus, the gap gene can be used when the 16S rRNA gene cannot identify the CNS species. Now, the resistant bacteria are prevalent all over the world. Many researchers reported that isolated S. saprophyticus from hospital and farm were resistant to β-lactams, macrolides, lincosamides, and many other antibiotics (Stratton et al., 1990; Waller et al., 2011; Dziri et al., 2016) . In our study, the isolate was resistant to almost all antimicrobial agents which we tested including Azm. Azm and erythromycin belong to macrolides antibiotics. According to studies conducted in the early 1980s, the prevalence of resistance to erythromycin varied from 8 to 16% (Marrie and Kwan, 1982; Price and Flournoy, 1982) . A more recent study on antimicrobial susceptibility of clinical isolates S. saprophyticus recovered in Thailand in 2017 showed that the prevalence of resistance to erythromycin was 73.1% (Seng et al., 2017) . The high incidence of macrolides resistance in the collection of isolates studied here might be the reflection of a particular situation in the farm or a global evolution towards increased resistance. The clinical impact of resistance is immense, characterized by increased cost, length of hospital stays and mortality, often as a result of inappropriate initial antimicrobial therapy (Cosgrove and Carmeli, 2003; Engemann et al., 2003) .
To prevent the evolution of resistance or turn a resistant population susceptible again, we need ways to inhibit the resistance (Baym et al., 2016) . Baicalin has previously been reported to restore the effectiveness of tetracycline against MRSA due to the inhibition of TetK-mediated tetracycline efflux (Zhao et al., 2001) . In the study, baicalin possessed a weak bactericidal effect, but it could cooperate with Azm against ARSS at sub-inhibitory concentration. The macrolides antibiotics resistance genes of wide prevalence in S. saprophyticus include ermA, ermB, ermC, mphC and msrA, with msrA being the most prevalent in hospitals (Bouter et al., 2011) . The msrA efflux protein encoded by msrA gene contains 2 ATP-binding motifs characteristic of the ATP-binding cassette (ABC) transporters (Reynolds et al., 2003) . ATP hydrolysis has been found to be essential for msrA function, where one molecule drug is extruded at the expense of 2 molecules of ATP (Hu et al., 2015) . The 2 ATP-binding domains are separated by the highly hydrophobic transmembrane protein Q-linker. Q-linker is believed to bound substrates at the high-affinity site and to form the apparatus for moving the substrate across the membrane (Reynolds et al., 2003) . Verapamil inhibits ABC efflux function by blocking drug binding sites. In the study, significantly greater in vitro Azm resistance synergistic effects were observed when Azm was used in combination with 1/2MIC baicalin compared with 1/2MIC verapamil. It reflected that baicalin may inhibit efflux through other ways in addition to blocking drug binding sites. Previously it has been suggested that baicalin may produce a similar effect on the cell wall as epigallocatechin gallate (Chen et al., 2016) , which interferes with cell wall integrity through direct binding to peptidoglycan and exhibits the characteristics of a cell wall active agent against enterococci (Chang et al., 2007) . We presumed that baicalin may competitively bind with drug binding site and inhibit ATP hydrolysis to inhibit drug efflux from intracellular to extracellular, and baicalin may also bind to peptidoglycan to enhance the accumulation of drug.
In view of this, we suggest that Scutellaria baicalensis Georgi and Azm can be used together to treat the infection caused by ARSS in order to prevent the evolution and transmission of resistance and enhance effect. In the areas where antibiotic resistance is common, we suggest adding Scutellaria baicalensis Georgi as feed additives during the period of infection to gradually improve the drug resistance status. Of course, baicalin combined with Azm have the synergetic effect against ARSS. It gives us inspiration and confidence to combat resistant bacteria under the guide of TCM theory.
CONCLUSION
In conclusion, the present study firstly demonstrated that francolins ophthalmia was caused by MDR S. saprophyticus. Baicalin acts synergistically with Azm, enhancing its antimicrobial activity against ARSS. Baicalin could be a potent Azm resistant inhibitor.
SUPPLEMENTARY DATA
Supplementary data are available at Poultry Science online. Figure S1 . Growth morphology of reseparation bacteria on different medium. A. The cells hydrolyze mannitol producing flavous, 1 to 1.5 mm diameter colonies on mannitol salt ager medium. B. The cells grown into black colony with transparent rings on Baird-Parker agar medium. C. The cells grew on the blood ager producing whitish, no hemolytic colonies after 24 h of incubation. Supplemental Figure S2 . Classic morphology of reseparation bacteria in light microscope (10 × 100). The gram-positive cocci were seen under light microscope. Cocci were arranged in clusters of grapes. Supplemental Figure S3 . Re-separation bacteria biochemical identification. A Much bubble produced in examination group of catalase test. B. No bubble produced in control group of catalase test. C. The plasma was not concretion in examination group of coagulase test. D. The plasma was concretion in control group of coagulase test.
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